The photochemistry of three 5-allyloxy-tetrazoles, in methanol, acetonitrile and cyclohexane was studied by product analysis and laser flash photolysis. The exclusive primary photochemical process identified was molecular nitrogen elimination, with formation of 1,3-oxazines. These compounds were isolated in reasonable yields by column chromatography on silica gel and were fully characterized. DFT(B3LYP)/6-31G(d,p) calculations predict that these 1,3-oxazines can adopt two tautomeric forms (i) with the NH group acting as a bridge connecting the oxazine and phenyl rings and (ii) with the -N= bridge and the proton shifted to the oxazine ring. Both tautomeric forms are relevant in the photolysis of oxazines in solution. Secondary reactions were observed, leading to the production of phenyl vinyl-hydrazines, enamines, aniline and phenyl-isocyanate. Transient absorption, detected by laser flash photolysis, is attributed to the formation of triplet 1,3-biradicals generated from the excited 5-allyloxy-tetrazoles. The 1,3-biradicals are converted to 1,6-biradicals by proton transfer, which, after intersystem crossing, decay to generate the products. Solvent effects on the photoproduct distribution and rate of decomposition are negligible.
Introduction
Tetrazoles have received much attention due to their important industrial and biological practical applications.
1 Most of these applications are related to the acid-base properties of the tetrazolic ring. In fact, the tetrazolic acid fragment, -CN 4 H, has similar acidity to the carboxylic acid group, -CO 2 H, and is almost isosteric with it, being metabolically more stable at physiologic pH.
2 This metabolic stability of the tetrazole ring strongly influences applications of its derivatives in medicine and, then, this heterocycle comes out in the structure of many highly efficient drugs.
3-9 Tetrazoles are also used as stabilizers in photography, gas-generating agents in airbags in the automobile industry, and herbicides, fungicides and plant growth regulators in agriculture.
10,11
In view of the widespread importance of many tetrazolyl derivatives, we have held a continued interest in structure-reactivity relationships of this class of compounds. Recently, photochemical reactions of tetrazole-based compounds have been under scrutiny in our group.
The photochemistry of tetrazole and some substituted tetrazoles has been addressed elsewhere. According to these investigations, tetrazole-ring cleavages leading either to azides or aziridines represent the main characteristic photochemical reactions of this family of heterocycles. However, the nature of the ring substituents strongly determines the precise nature and relative amounts of the final photoproducts, making this type of compound an ongoing scientific challenge.
12-14
In previous contributions we have described the photochemistry of some representative tetrazolyl compounds isolated in lowtemperature matrices.
15- 20 Recently we have also studied the photochemistry of a series of 4-allyl-tetrazolones (1, Scheme 1) in solution, 21 and proved that photolysis in alcoholic solutions results in exclusive formation of 3,4-dihydro-6-substituted-3-phenylpyrimidin-2(1H)-ones (2, Scheme 1), which are versatile intermediates in heterocyclic synthesis.
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Scheme 1 Photochemical conversion of 4-allyl-tetrazolones 1 into 3,4-dihydro-6-substituted-3-phenylpyrimidin-2(1H)-ones 2.
Mechanistically, we postulated that these reactions presumably take place via formation of a triplet biradical intermediate 1(i). Photoexcitation of 4-allyl-tetrazolones promoted by UV radiation leads to elimination of N 2 from the tetrazole ring, yielding the biradical 1(i). In a second step, this intermediate rapidly undergoes a 1,2-migration of hydrogen and closes the ring to form the pyrimidinone 2, in an exothermic process.
The participation of the reactive triplet intermediate 1(i) could not be unequivocally proved. However, this mechanism is supported by the effect of solvent viscosity on the photolysis quantum yields, and the sensitizing effect of the dissolved oxygen upon the photodegradation of tetrazolone 1, interpreted as a consequence of the T → S conversion of triplet biradicals 1(i) opening the way to the formation of the product 2. Both effects were explained by the involvement of a caged triplet radical pair. 21 Dunkin et al. described the photochemistry of 1,4-dihydro-5H-tetrazole derivatives isolated in low-temperature matrices.
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In that work, the authors also interpreted the results obtained upon matrix photolysis on the basis of a biradical intermediate, invoking a mechanism similar to the one proposed by us for the photo-conversion of 4-allyl-tetrazolones into pyrimidinones. Earlier, Quast and co-workers had studied the photochemistry of a series of tetrazole derivatives, concluding that the photochemically induced opening of the tetrazole ring is a very common process.
24-28
Herein we present results on the photochemistry of 5-allyloxytetrazoles (3a-c, Scheme 2) in solution. Besides our own interest in understanding the mechanism of photocleavage of these ethers, the possibility of isolation and characterization of reaction photoproducts may be particularly important for synthetic applications. 
Results and discussion

Steady-state photolysis: photoreactivity and photoproduct distribution
The 5-allyloxy-tetrazoles studied were synthesized from the corresponding allylic alcohols, initially converted into the alkoxides with sodium hydride, and then reacted with 5-chloro-1-phenyltetrazole.
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UV spectra of ethers 3a and 3b show absorption maxima around 230 nm, while the ether 3c exhibits an intense absorption band at about 250 nm, due to the bathochromic effect of the phenyl ring (Fig. 1) . The substrates dissolved in methanol, acetonitrile and cyclohexane were irradiated with a low-pressure mercury lamp (k = 254 nm). The progress of the photoreactions was monitored by HPLC and GC-MS and the quantum yields for photocleavage were determined in each one of the tested solvents. Fig. 1 shows changes in the UV absorption spectra of compounds 3a-c caused by the irradiation (k = 254 nm) of their airequilibrated methanolic solutions. For compound 3a, the absorption peak around 230 nm decreased with irradiation time, while a new absorption band grew at 238 nm. These spectral changes are very similar to those observed for derivative 3b, indicating that the methyl group attached to the allylic chain exerts a negligible effect on the photoreactivity. Moreover, in the spectra of compounds 3a and 3b (Fig. 1) , the absorptivity at 254 nm registered for the new band belonging to the photoproducts is higher than that of the initial substrates at the same wavelength. This fact will significantly reduce the apparent photodecomposition rates of the two ethers, since the formed photoproducts absorb a large part of the incident UV light.
Interestingly, for ether 3c, the reaction proceeds faster than for compounds 3a and 3b, as seen from their absorption spectral changes, showing an isosbestic point at ≈275 nm. In Fig. 1 (3c ) substrate is much less marked, due to the absorption of the large part of the incident UV light by the substrate.
HPLC and GC-MS analysis of irradiated methanolic solutions of ethers 3a-c led to the identification of one primary photoproduct for each of the three derivatives. These primary photoproducts result from N 2 elimination from the tetrazolyl ring system through photo-induced cleavage of the two weakest N-N formally single bonds of the heterocycle, and were characterized as N-phenyl-1,3-oxazines 4a (m/z = 174), 4b (m/z = 188) and 4c (m/z = 251) (see Fig. 2 ). Preparative-scale irradiations of the three tetrazolyl ethers in methanol were performed, aiming at the isolation of the primary photoproducts. These irradiations were carried out in cylindrical quartz cells with a 50 mm light path, using 50 mg of the starting material (see experimental section) and were controlled by TLC and HPLC. Irradiation of the sample continued until the first detection of a secondary photoproduct. The remaining starting material was separated from the primary photoproduct by column chromatography on silica gel. Mass spectrometry (CI) 1 H-NMR analysis of the isolated primary extracts confirmed the structures of compounds 4a-c.
Oxazines 4a-c can adopt two tautomeric forms, depending on the position of the amino function on the molecule. The NH group can act as a bridge, connecting the oxazine and phenyl rings, or this group can be alternatively included in the oxazine ring. DFT calculations performed at the B3LYP/6-31G(d,p) level of theory carried out for the two tautomers of oxazines 4a and 4b, led to the identification, for both compounds, of two low-energy local minima when the NH group is connected to the two rings (structure 4(i) in Fig. 2) , and of three lowenergy local minima when the NH function is included in the oxazine ring (structure 4(ii) in Fig. 2 ). Calculations performed at the same level of theory for oxazine 4c revealed nine lowenergy local minima for the two tautomers of this compound: four minima with the NH group linking the phenyl and oxazine rings, and five minima with the NH included on the oxazine ring. All possible conformers and tautomers of oxazines 4a-c have been theoretically investigated and the calculated Hessian matrices showed no imaginary frequencies, confirming that all the structures are true energy minima. For simplicity, only the data for the most stable structure of each compound are included in the ESI (pages S4-S6). † In order to estimate the conformational and tautomeric composition of compounds 4a-c in solution, the thermochemical calculations were carried out for all compounds at 25
• C. Based on the calculated Gibbs free energies, the equilibrium Boltzmann populations were estimated for all tautomers/conformers and the selected results are presented in Table 1 .
Because of the significant energy differences between the tautomers 4(i) and 4(ii), it can be expected that the population of oxazines at 25
• C will be dominated by structures 4(i). Indeed, for all compounds 4a-c, predicted populations of forms 4(i) exceed 96% (see Table 1 ). The contribution of the minor tautomer 4(ii) to the equilibrium mixture was predicted to range from about 2 to 4%, for isolated molecules in vacuum. It is important to call attention to the fact that the total dipole moments of tautomers 4(ii) are systematically higher than those of the tautomers 4(i) ( Table 1) . It may be expected that, in the polar media, forms 4(ii) will undergo additional stabilization with respect to forms 4(i), and the relative population of the minor conformer will increase. Based on this reasoning, we may conclude that both the tautomers 4(i) and 4(ii) will be relevant for further photolysis of oxazines 4a-c in solution. Therefore, the secondary photoproducts of 5-allyloxytetrazoles 3a-c will be formed via photodecomposition of forms 4(i) and 4(ii), as presented in Fig. 2 . a Relative energies and dipole moments correspond to the most stable conformations of tautomers (i) and (ii); populations correspond to the sum of populations of all conformers within a given tautomer, and were estimated based on the calculated relative Gibbs energies at 25
We propose four different photochemical channels for the photodegradation of oxazines 4a-c in methanol (routes A-D, Fig. 2 ).
In the first channel (route A), photoproduct 5 (a phenyl vinylhydrazine) is formed by extrusion of carbon monoxide from the oxazine ring. In the second photochemical channel (route B), the oxazine is directly converted, via a concerted mechanism, into aniline 6 and photoproduct 7, also with CO extrusion.
The proposal of the independent photochemical channel (route A) leading to formation of aniline and products 5 and 7, is fully justified by the fact that product 5 and aniline start to be detected at the same reaction time. Upon continued exposure to UV radiation, even after complete decomposition of substrates 3a-c into the primary photoproducts, we noted that the concentration of product 5 was decreasing, accompanied by a similar growth of aniline concentration. Hence, aniline and product 7 cannot result exclusively from oxazine photodecomposition through a concerted mechanism (route B), being also a product of photodecomposition of the photoproduct 5 (route A). Probably, both routes A and B operate via the same transient species formed after absorption of a photon by the oxazine tautomers 4(i) (Fig. 2) .
The production of aniline, directly from oxazine tautomers 4(i) or by photodegradation of compound 5, should involve the formation of the phenylnitrene intermediate [Ph-N:], which subsequently abstracts two hydrogen atoms from the environment, forming product 6 (see Fig. 2 ). The proposed source of the two hydrogen atoms required to form aniline will be addressed further in this work, together with a discussion of the kinetics of the photoreactions.
The photoproducts 7a (R = H; m/z = 55) and 7b (R = CH 3 ; m/z = 69) have never been detected chromatographically in the course of the irradiation experiments. This could be explained by their high volatility, fast photodecomposition into molecular products of lower weight, or very rapid elution in the chromatographic conditions used. On the other hand, the photoproduct 7c (R = Ph; m/z = 131) was clearly identified by GC-MS. The attribution of chemical structures to products 5 and 7 was based on their mass spectra, through the analysis of the fragmentation patterns exhibited. Aniline was easily identified, comparing the respective chromatogram with that of an authentic aniline sample.
A single photochemical channel is proposed for the formation of product 8 (phenyl-isocyanate). This species is formed via degradation of the minor oxazine tautomer 4(ii) (route C, Fig. 2) . As for aniline, phenyl-isocyanate was identified using an authentic sample for comparison. Formation of phenyl-isocyanate in the photochemical channel C implies formation of a by-product also produced in routes A and B, namely product 7.
Apparently, phenyl-isocyanate, also obtained as a stable secondary photoproduct upon photolysis of 4-allyl-tetrazolones 21 could undergo photocleavage to phenylnitrene [Ph-N:], with elimination of CO, which could then abstract hydrogen to form aniline. However, in view of the experimental observations, we consider that aniline and phenyl-isocyanate are produced via two independent photodegradation channels of oxazines (routes A, B and C, Fig. 2 ). In the course of the irradiation experiments, simultaneous formation of photoproducts 6 and 8 was detected, indicating that aniline does not derive from phenyl-isocyanate. This hypothesis was confirmed by HPLC analysis of irradiated solutions of phenyl-isocyanate in methanol, under conditions similar to those used for 5-allyloxy-tetrazoles 3a-c. Phenylisocyanate remained photostable upon prolonged irradiation at 254 nm, and no aniline formation was ever detected.
Another photoproduct was identified upon irradiation of ethers 3a-c in methanolic solutions, namely benzyl carbamate (10, m/z = 151) (route D, Fig. 2 ). One possible explanation for the formation of compound 10 could be the rearrangement of methyl phenylurethane (9, Fig. 2) , produced from the reaction of phenylisocyanate, formed via route C, with a solvent molecule. To check this hypothesis, we have used an authentic sample of carbamate 9 and irradiated it in a methanolic solution under conditions similar to those used for the tetrazolyl ethers. However, chromatographic analysis demonstrated that benzyl carbamate is not a product of photodegradation of carbamate 9. Therefore, at the present stage the pathway leading to formation of benzyl carbamate 10 upon photolysis of tetrazolyl ethers 3a-c remains unclear.
The kinetics of photodecomposition of 5-allyloxy-tetrazoles 3a-c in methanolic solution are shown in Fig. 3 , along with the kinetics of photoproducts formation. After 120 minutes of UV-irradiation, about 90% of the reagents 3a-c were consumed. The photodecomposition of ether 3c occurs faster. After 30 minutes, 63% of compound 3c was consumed, against 38% for compounds 3a,b. After formation of the primary photoproducts 4a-c, we found that, among the secondary photoproducts, the transformation of oxazines into phenyl-isocyanate (route C, Fig. 2 ) proceeds with the highest efficiency, as can be observed in Fig. 3 . This observation indicates that, in solution, the population of tautomer with the higher dipole moment, 4(ii), might be higher than that predicted for the gas phase on the basis of molecular orbital calculations. But more important is the fact that the population of 4(ii) is constantly maintained as "small-but-present" due to dynamic equilibrium with 4(i) in solution. Then the photoreaction may be derived from the constantly re-populated 4(ii), if 4(i) is not reactive (or not reactive enough) and serves mainly as a source of 4(ii). Fig. 4 shows the changes in the UV absorption spectra of ethers 3a-c upon UV-irradiation (k = 254 nm) in air-equilibrated acetonitrile and cyclohexane solutions. The evolution of the UV absorption spectra reveals that the photoreactivity of 3a-c should be very similar in acetonitrile and cyclohexane. The absorption band around 230 nm present in the spectra of compounds 3a and 3b decreased with irradiation time, while a new band grew at 238 nm. Fig. 5 shows the kinetics for the photodecomposition of 5-allyloxy-tetrazoles (3a-c) in acetonitrile. As in methanol solutions, the photoreactivities of compounds 3a and 3b are very similar, whereas the photodecomposition of 3c is faster. Both the reaction rates and the photoproduct distributions are very similar in the three solvents, with the extrusion of the N 2 from the tetrazole ring remaining the sole primary process of photodegradation of tetrazoles 3a-c, leading to the formation of oxazines 4a-c.
Analysis of the kinetic results obtained for the photodegradation of ethers 3a-c in the three tested solvents clearly shows that the effect of the nature of the solvent on the photoproduct distribution is very weak, i.e., the relative percentage of photoproducts is maintained for all cases. In methanolic solution, formation of benzyl-carbamate is observed, due to nucleophilic attack by methanol.
The analysis of the kinetics of photoreactions led us to propose a possible mechanism for aniline formation from phenyl-nitrene ). The amount of reagent before irradiation was assumed to be 100%. The yields of different photoproducts were monitored by gaseous chromatography. Note that the ordinate scale is logarithmic. Note the assignment of geometrical symbols (rhombs-3a-c, squares-oxazine, triangles-aniline, circles-phenylisocyanate, etc.) to particular photoproducts on top of each frame.
in photochannels A and B. All kinetics resemble each other very closely, and occur in solvents that are very different from the viewpoint of proton-affinities: methanol, cyclohexane and acetonitrile. It is very unlikely that the two additional hydrogen atoms required for formation of aniline are provided by the solvent. Most probably, the compound itself undergoes an additional photochemical transformation resulting in abstraction of two H atoms. This abstraction does not involve the three R-substituents (hydrogen, methyl, phenyl), since aniline formation is observed in all cases. We suggest that the two hydrogen atoms (the most labile H's) are abstracted from positions 3 and 6 of the oxazine ring of 4a-c photoproducts in their 4(ii) tautomeric form. The suggested mechanism for hydrogen abstraction is shown in Scheme 3. The optimized structures of derivatives 11a-c are included as ESI (pages S14-S15). † An analogous photochemically induced hydrogen abstraction was reported for 1,4-cyclohexadiene in pentane solution 30 and the possibility of the occurrence of such a reaction was also shown theoretically.
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Photolysis quantum yields
Quantum yields for the photodecomposition of 5-allyloxytetrazoles 3a-c were determined in the three solvents. They are collected in Table 2 and show that the photoreactivity is very similar in acetonitrile and cyclohexane and is only slightly higher in methanol. Thus, the solvent effect on reactivity is indeed very weak. However, the enhancement of the photolysis quantum yield caused by the introduction of a phenyl on the allylic chain is much more pronounced.
Laser flash photolysis and mechanistic considerations
Laser flash photolysis of 5-allyloxy-tetrazoles 3a-c in acetonitrile at 266 nm revealed formation of short-lived transient species, as detailed in Table 3 . The transient decay for ether 3a is apparently biexponential, with the contribution of the slower transient increasing at higher concentrations of the substrate. The faster transient for ether 3a is spectrally similar to that of ether 3b, presented in Fig. 6 (top) , with the lifetimes only slightly affected by the presence of dissolved oxygen. We identify these two transients as reactive radical species.
Laser flash photolysis of a deaerated 10 −4 mol dm −3 solution of tetrazole 3b in acetonitrile yielded a wide transient absorption, with a maximum at 300 nm (see Fig. 6 ). The lifetime of this species was around 800 ns under our experimental conditions. Ether 3c is once again a special case. The corresponding transient appears at shorter wavelengths, with the decay kinetics clearly accelerated by the dissolved oxygen (see Table 3 ). We identify this transient as a triplet excited state. Compared with Table 2 Quantum yields (U obs ) for the photodegradation of 5-allyloxytetrazoles 3a-c, in the range of solvents used (k = 254 nm, 25
• C) ethers 3a-b, the excited-state lifetime of the substrate 3c is increased due to the presence of a larger "p"-electronic system, whereas the hydrogen transfer reaction is further accelerated by the presence of the R = Ph substituent and does not limit the overall reaction kinetics any more. This justifies the identification of the transients observed for 3a-b as radical species, and that for 3c as the triplet excited state. This assumption is further supported by the considerations that follow. ). The amount of reagent before irradiation was assumed to be 100%. The yields of different photoproducts were monitored by gaseous chromatography. Note that the ordinate scale is logarithmic. Note the assignment of geometrical symbols (rhombs-3a-c, squares-oxazine, triangles-aniline, circles-phenylisocyanate, etc.) to particular photoproducts on top of each frame. Indeed, the photoinduced loss of nitrogen from tetrazoles 3a-c may involve a cycloelimination leading to a diazirine that reacts further to give the observed oxazines 4a-c, or may occur through a biradical intermediate that subsequently cyclises to give the same compounds 4a-c. Usually, the transition state associated with a concerted mechanism (cleavage of two N-N formally single bonds and formation of one new N-N formally single bond and the transformation of N=N double bond into N≡N triple bond) has a higher polarity than the initial substrate. Considering the variation in polarity associated with the three solvents used in this work, it appears that the solvent polarity effects are weak or absent during tetrazolone photolysis, contrasting with what could be expected for a concerted process occurring via a polar transition state.
Scheme 3 Proposed mechanism for the hydrogen abstraction from oxazines 4a-c in their 4(ii) tautomer modification.
It is well known that biradicals are among the most important intermediates in solution-phase organic photochemistry. However, and in agreement with reports in the literature, detection of these intermediates is not easy, and could not be achieved in this work. In some related investigations, such species were detectable only in a limited number of cases. 23 On the other hand, based on the experimental results obtained, namely on the weak solvent effects, it is our conviction that a radicalar mechanism operates in this case.
Hence, we attribute the observed transients of 5-allyloxytetrazoles 3a-c to the triplet biradicals 3(i) obtained through homolytic cleavage of two N-N single bonds, and the observed kinetics to the respective proton transfer reaction 3(i) → 3(ii) (see Fig. 2 ). After conversion of triplet 1,6-biradicals 3(ii) into singlet biradicals via intersystem crossing, these intermediates decay to the ground state yielding final products. Presumably, faster intersystem crossing occurs when the approach of both radical termini becomes easier. In the case of 3c, the triplet excited state lives longer, whereas the proton transfer reaction 3(i) → 3(ii) operates faster, by influence of the phenyl substituent group, and therefore does not limit the overall reaction kinetics, as happens for the substrates 3a and 3b.
Conclusions
The results reported in this paper answer several important mechanistic questions concerning the photochemistry of 5-allyloxytetrazoles 3a-c. Photolysis of these compounds in the steady-state has been investigated in methanol, acetonitrile and cyclohexane solutions. Through this study we have shown that the exposure of tetrazoles 3a-c to UV light (k = 254 nm) induces a primary photochemical process in which molecular nitrogen is eliminated, producing oxazines 4a-c. In preparative-scale experiments, compounds 4a-c were isolated from the reaction medium and fully characterized. DFT(B3LYP)/6-31G(d,p) calculations predict that, in the gaseous phase, oxazines 4a-c should mostly exist in the tautomeric form where the NH group is the bridge connecting the oxazine and phenyl rings (the lowest-energy structures). The tautomers of 4a-c with the NH function included in the oxazine ring are higher in energy, the differences exceeding 7.5 kJ mol −1 . However, it is expected that, in the polar media, the higherenergy forms of oxazines will undergo additional stabilization with respect to the lowest-energy structures, and the relative population of the minor conformer will increase. In fact, secondary photoproduct analysis supports this interpretation. It is clear from the experiments that the presence of both oxazine tautomers is relevant in solution, increasing the number of secondary photodegradation channels in the three solvents. From these, phenyl vinyl-hydrazines 5a-c, enamines 7a-c, aniline and phenylisocyanate were obtained. The pathway leading to production of phenyl-isocyanate predominates, this resulting from photocleavage of oxazine 4(ii). Kinetic results for the photodegradation of ethers 3a-c in different solvents show that the effect of the nature of the solvent on the photoproduct distribution is very weak and the relative yields of photoproducts are maintained in all cases. However, there is a structural effect on the photolysis quantum yields upon introduction of a phenyl on the allylic chain. Mechanistically, primary photoexcitation of 5-allyloxy-tetrazoles should involve formation of a triplet 1,3-biradical with a lifetime of ca. 10 −6 s, which subsequently isomerizes to form a triplet 1,6-biradical. After intersystem crossing, the 1,6-biradical decays to the ground state to form the products.
Experimental section Materials
All chemicals were used as purchased from Aldrich. Solvents for extraction and chromatography were of technical grade. When required, solvents were freshly distilled from appropriate drying agents before use. Compounds 3a-c were synthesized as described elsewhere.
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Equipment and experimental conditions
Analytical TLC was performed with Merck silica gel 60 F 254 plates. Melting points were recorded on a Stuart Scientific SMP3 melting point apparatus and are uncorrected. UV absorption spectra were recorded on a Varian CARY 50 Bio UV-Visible Spectrophotometer. Mass spectra were obtained on a VG 7070E mass spectrometer by electron ionization (EI) at 70 eV.
1 H NMR (400 MHz) spectra were obtained on a Bruker AM-400 spectrometer using TMS as the internal reference (d = 0.0 ppm). Elemental analyses were performed on an EA1108-Elemental Analyzer (Carlo Erba Instruments). Infrared spectra were obtained as neat oils, or solids in NaCl on a Bruker FTIR-TENSOR 27 spectrometer.
HPLC analyses were performed using an Agilent 1100 Series chromatograph with a 655A-22 UV detector and Shimadzu SPD-M6A Photodiode Array. A LiChroCART 125 column (RP-18, 5 lm, Merck) was used and the runs were performed using a mixture of water and acetonitrile (40 : 60) as the eluent.
GC-MS analyses were carried out using a 6890-N Network GC System gas chromatograph with a 5973 inert Mass Selective Detector (E.I. 70 eV) of Agilent Technologies, using a DB-35MS capillary column with 30 m length and 0.25 mm I.D. (J & W Scientific, Agilent). The initial temperature of 50
• C was maintained during 3 min and then a heating rate of 10
• C min −1 was applied, until a final temperature of 250
• C was reached. Analyses were conducted on irradiated samples and on control solutions, kept in darkness. Controls showed no sign of degradation.
Optical bench irradiation system
Steady-state photolysis experiments were carried out in acetonitrile, cyclohexane and methanol using 1 × 1 cm fused-silica cells (Hellma) on a standard optical bench system. Photolyses were conducted with the cells at a distance of 10 to 40 cm from the Hg lamp. Generally, 10 −4 mol dm −3 solutions of substrates were used when the analysis was carried out by UV-Visible absorption spectrophotometry. More concentrated solutions (10 −2 mol dm −3 ) were irradiated under the same conditions for product identification using GC-MS and HPLC. The 254 nm UV radiation was performed using a 16 W low-pressure mercury lamp (Applied Photophysics). A suitable interference filter was used to isolate the 254 nm line of the Hg lamp. Photolysis quantum yields were measured using ferrioxalate actinometer.
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This 
Laser flash-photolysis
Flash photolysis experiments were carried out on an Applied Photophysics LKS.60 laser-flash-photolysis spectrometer, with a Spectra-Physics Quanta-Ray GCR-130 Nd/YAG laser (fourth harmonic, 266 nm) for excitation and a Hewlett-Packard Infinium Oscilloscope for transient decay capture. Sample solutions were pumped through a quartz cell at a 0.8 mL min −1 flow rate (SSI chromatographic pump).
